Six-hundred-and-fifty plant species from 280 genera and 85 families have been recorded as indigenous to the Bontebok National Park (BNP), which lies 5 km south of Swellendam, in the Western Cape. Twenty-nine of these plant species are globally threatened with extinction and another 23 are species of conservation concern. Three species (Aspalathus burchelliana, Diosma fallax, Erica filamentosa) are endemic to the park. The Asteraceae, Iridaceae and Fabaceae ranked high as speciose families, in line with the Cape Floristic Region (CFR) as a whole, while the Asphodelaceae, Crassulaceae, Poaceae and Cyperaceae were overrepresented, and the Rutaceae, Proteaceae and Ericaceae underrepresented at BNP. The largest genera were Aspalathus (19 species), Crassula (17), Pelargonium (16), Erica (15), Oxalis (12), Moraea (11), Helichrysum (10) and Hermannia (10). Geophytes were the dominant growth form (23% of species recorded), followed by dwarf shrubs (20%), herbs (16%), graminoids (15%), shrubs (13%), succulents (8%), trees (3%) and climbers (2%). Forty alien plant species were recorded (likely an underestimate of true numbers) with the Poaceae most speciose and arguably the biggest invasive threat at the park. With 20 plant species/km 2 , the flora of BNP is richer than expected based on its location within the south-eastern CFR. Similarity with floras of other lowland and montane protected areas in the region is low (b 33% and b 20% respectively), demonstrating that a large component of BNP's flora is not conserved elsewhere. Within a landscape context, BNP forms part of a cluster of connected core sites for Renosterveld conservation. This work confirms the high importance of BNP for flora conservation nationally and even globally.
Introduction
The Bontebok National Park (BNP) is a small (3435 ha) protected area, originally established to conserve one of the rarest antelope in Africa, the bontebok (Damaliscus pygargus pygargus; Red listed as Vulnerable) (Friedmann and Daly, 2004; Skinner and Chimimba, 2005) . However, BNP is also located within the internationally renowned hotspot of biodiversity, the Cape Floristic Region (CFR) (Goldblatt and Manning, 2002; Myers, 1990) and conservation of the vegetation in the park has over time become an increasing priority owing to near-complete habitat destruction outside the park (Von Hase et al., 2003) .
There is uncertainty around whether the vegetation of BNP represents 'true' Renosterveld which generally occurs on shales or granites, or is rather a type of lowland Alluvium Fynbos on old boulder terraces (Rebelo, 1992; Theron, 1967) . Accordingly, the national vegetation map of South Africa classified the vegetation of BNP as Swellendam Silcrete Fynbos, considering it a poorly known vegetation type exhibiting floristic features of both Fynbos and Renosterveld (Rebelo et al., 2006) . Structurally it is described as a medium-tall evergreen shrubland or grassland, with predominantly asteraceous Fynbos, but graminoid Fynbos occurring on summits and northern slopes where disturbed. The national status of Swellendam Silcrete Fynbos is Endangered and it has a conservation target of 30% meaning that N 30% of the original extent of this vegetation type needs be protected in order to capture 75% of the species occurring in it. Only 4% is statutorily conserved, largely in BNP, whereas 43% is already transformed (Rouget et al., 2004) , largely through cultivation and afforestation with commercial pine plantations (Rebelo et al., 2006) . Small areas of Cape Lowland Alluvial Vegetation furthermore occur within the park associated with the Breede River and its tributaries. This vegetation type is Critically Endangered as 69% is transformed and only 1% statutorily conserved (Rouget et al., 2004) .
At the regional scale, the conservation plan for the Cape Lowlands Renosterveld (Von Hase et al., 2003) mapped the southern half of the park as Renosterveld. BNP is also included in the regional map of the Riversdale Plain, where Vlok and De Villiers (2007) recognised five different vegetation types within the park, i.e. Proteoid Fynbos, Asteraceous Fynbos, Inland Pans and two types of River/Floodplain vegetation along the Breede River.
At park scale, the only published account of the flora (Grobler and Marais, 1967 ) comprises a basic description and associated map of the vegetation communities of less than half the area of the current park. These authors identified 12 vegetation communities belonging to three main vegetation types, i.e. riparian/tree type, sweet veld/renosterbos type (Acocks, 1988; Veld Type 46) , and mixed grass veld/Leucadendron type (Acocks Veld Type 70) . Luyt (2005) subsequently mapped the vegetation of BNP, although a detailed vegetation account or plant species inventory was not the focus of his study.
Despite the rudimentary vegetation descriptions, a comprehensive plant species inventory was kept (SANParks unpubl. data) throughout BNP's history along with a park-based herbarium collection to which various botanists contributed. Kruger et al. (1989 , cited in Richardson et al., 1992 reported 20 years ago that BNP had 446 native plant species. This figure is likely based on the former National Botanical Institute's unpublished data (cf. Taylor, 1972) .
Various factors may affect vegetation structure and composition, including management practises. At BNP, these are fire and grazing. Fynbos and Renosterveld are both fire-prone and fireadapted vegetation types. The frequency, season, intensity and size of fires are primary determinants of plant species composition, structure and successional patterns (Kruger and Bigalke, 1984; Van Wilgen et al., 1992) . Frequent burning and/or overgrazing are thought to convert Swellendam Silcrete Fynbos to Grassy Fynbos on northern slopes and to a species-poor Renosterveld elsewhere (Rebelo et al., 2006) . BNP has a history of frequent burning in some areas of the park (Kraaij, 2010) in combination with relatively constant, and at times, heavy utilisation by large grazing ungulates (Kraaij and Novellie, 2010) , both of which may have impacted on the structure and composition of the vegetation.
The aim of this work is to provide an updated checklist of the plant species of BNP to act as a basic reference for future floristic and ecological work in the region. The composition of the flora is furthermore assessed in terms of dominant families, genera, growth forms, CFR-endemism and species richness, and put into perspective with other protected areas in the region, and the CFR in general.
Methods

Study area
The Bontebok National Park was established at its current location at Swellendam (Western Cape Province, South Africa, 34.03°S, 20.42°E) in 1960. The park is situated on the coastal plain between the Langeberg Mountain range (5 km to its north) and the Indian Ocean (50 km to its south). The climate is moderate and the mean annual rainfall is 528 mm (SANParks unpubl. data). Two peak rainfall periods are evident, one in April-May and the other in August, while the driest months are normally December and January (Novellie, 1986) . Temperature ranges between a summer maximum of 40°C and winter minimum of 0°C. Prevailing winds are southeasterly in summer and northerly (dry warm bergwinds) or southwesterly (associated with cyclonic systems) in winter (Grobler and Marais, 1967) .
Elevation ranges from 50 m (along the Breede River) to 114 m above mean sea level. Most of the park comprises alluvium and gravel terraces, with outcrops of consolidated rock (Witteberg series) only occurring along the Breede River (Theron, 1967) . Gravel terraces of three ages can be recognized comprising roll-stones of quartz-like sandstone and sandy gravel (Theron, 1967) . The north and central parts of the park consist of high-level silcrete and ferricrete, while the southwestern flats comprise an alluvial belt of loam and sandy loam, probably an old meander of the river which was gradually filled by sand (Chief Director of Surveys and Land Information, 1993) . The most recently acquired area in the west, known as 'Die Stroom', is characterized by shale and siltstone with occasional sandstone beds along the Breede River (Chief Director of Surveys and Land Information, 1993).
Checklist
This checklist was based on plant collections made by T. Kraaij between 2002 and 2009 , as well as a herbarium collection kept at the park and contributed to by various researchers since the park's establishment, notably L.C.C. Liebenberg, P.J. Barnard, L.J. Van Zyl, J. Marais, M. Van Tonder, D.A. Doyle, A.T. Schemel, J.H.J. Vlok, P. Novellie, N.W. Hanekom and C.J. Burgers. The collection by T. Kraaij (comprising all 5-digit collection numbers) almost exclusively focussed on the area known as 'Die Stroom', acquired in 2002, less than 600 hectares in size, and also comprising Swellendam Silcrete Fynbos (Rebelo et al., 2006) and Cape Lowland Alluvial Vegetation . The majority of specimens contributing to this checklist were identified by staff of, and duplicates housed by, the National Herbarium (PRE) of the South African National Biodiversity Institute. A complete set of specimens are also housed by South African National Parks. Reference to plant species observed at BNP from published and grey literature (Grobler and Marais, 1967; Helme, 2008; McDonald, 2000; Raimondo et al., 2009; Rebelo, 1992; Vlok and De Villiers, 2007) and from acknowledged botanical experts (M.B. Bayer in litt.; N. Helme in litt.; A.G. Rebelo in litt.; A-L Schutte-Vlok in litt.; J.H.J. Vlok in litt.) have also been included in the list and are indicated as such.
Nomenclature and arrangement of the checklist follow Germishuizen et al. (2006) , taking account of subsequent taxonomic revisions (Beier et al., 2003; Herman, 2002; Le Roux and Van Wyk, 2008; Magee et al., 2009; Manning et al., 2009; Moffett, 2007) . Family, genus and species names are presented in alphabetical order, followed by author citation, collector's number(s), growth form, range (CFR-endemic, range expansion or alien), and IUCN Red Data status (Raimondo et al., 2009) . Growth form was obtained from POSA (2009), but simplified in that each plant species was assigned a single growth form, either Tree (maximum height N3 m), Shrub (1-3 m), Dwarf shrub (b1 m), Graminoid (including Poaceae, Restionaceae, Cyperaceae, Juncaceae), Geophyte, Herb (herbaceous), Climber, or Succulent. CFRendemism and whether taxa constitute significant range expansions were obtained from Goldblatt and Manning (2000) , and alien status from Germishuizen et al. (2006) .
The incidence of CFR-endemism (Goldblatt and Manning, 2000) was calculated for the flora of BNP and compared with that of Fynbos and Renosterveld vegetation types elsewhere. The flora of BNP was furthermore compared at species level by means of the Sørensen similarity coefficient (Sørensen, 1948) with that of several other protected areas in the region.
Results and discussion
3.1. Composition -families, genera, growth forms and CFR-endemism Six-hundred-and-fifty plant species (and infraspecific taxa; Table 4 ) from 280 genera and 85 families have been recorded as indigenous to BNP. The most speciose families are the Asteraceae, Iridaceae, Poaceae and Fabaceae (Table 1) . These families also rank highly in terms of the number of genera and, except for the Poaceae, in terms of the number of species of conservation concern (Raimondo et al., 2009;  Table 1 ). Compared to the ranking of speciose families within the CFR (Goldblatt and Manning, 2002) , the Asphodelaceae, Crassulaceae, Poaceae and Cyperaceae are overrepresented at BNP, whereas the Rutaceae, Proteaceae and Ericaeae are underrepresented. The most speciose genera at BNP are Aspalathus (19 species), Crassula (17), Pelargonium (16), Erica (16), Oxalis (12), Moraea (11), Helichrysum (10) and Hermannia (10). These genera also rank highly in terms of species number within the CFR, except for Hermannia. Twelve taxa constitute significant range expansions compared to distributions indicated by Goldblatt and Manning (2000) (Table 4) .
Geophytes were the dominant (in terms of species number) growth form at BNP, followed by dwarf shrubs, herbs and graminoids (Fig. 1) . Compared to the growth form composition of the entire CFR (Goldblatt and Manning, 2002) , BNP has more geophytes (23% vs. CFR 17%) and graminoids (15% vs. CFR 9%), but fewer shrubs (the categories Shrub, Dwarf shrub, Succulent and Climber combined for BNP 43% vs. CFR 53%). Walton (2006) , in West Coast Renosterveld, recorded 34% cryptophytes (≈ geophytes) and 14% hemicryptophytes (including graminoids and rosette-like asteroids), and found that hemicryptophyte richness was positively correlated with grazing (Walton, 2006) . It may be argued that the comparative richness in geophytes and graminoids (grasses in particular) at BNP suggest Renosterveld affiliations, although a history of large herbivore grazing (Kraaij and Novellie, 2010) and frequent burning (Kraaij, 2010) in the park may have contributed to an increase in graminoids (cf. Cowling et al., 1986; Rebelo et al., 2006; Walton, 2006) . Restioids, ericoids and proteoids are diagnostic of Fynbos vegetation with restioids regarded as the most constant floristic feature (Kruger, 1979; Taylor, 1978) . Alternatively, the Ericaceae, Proteaceae and Table 1 Largest plant families recorded at Bontebok National Park in terms of number of species (in decreasing order), number of genera, and number of Red Data species (Raimondo et al., 2009 Restionaceae are generally lacking in Renosterveld, or occur at low densities (Taylor, 1978) . At BNP, the Ericaceae and Proteaceae are underrepresented and the Restionaceae similar in terms of proportional species richness to the CFR as a whole (Goldblatt and Manning, 2002) . Forty-six percent of the plant species at BNP are Cape-/CFRendemics (Goldblatt and Manning, 2000) , compared to 69% reported for the entire CFR (Goldblatt and Manning, 2002 ; Table 2 ). Generally, the high levels of endemism within the Cape flora are associated with its Fynbos component on nutrient-poor sandy substrates rather than with the non-fynbos elements, such as Renosterveld, on richer substrates (Cowling, 1984; Kruger, 1979) . Compared to different Fynbos and Renosterveld vegetation types elsewhere, the incidence of CFR-endemism at BNP seems intermediate between that of Fynbos and Renosterveld (Table 2 ). Both the assessments of familial composition and incidence of CFRendemics thus equally support the suggestion that the vegetation of BNP exhibits floristic features of both Fynbos and Renosterveld (Rebelo et al., 2006) .
Species of conservation concern
Twenty-nine plant species recorded at BNP have been categorised (Raimondo et al., 2009 ) as being threatened with extinction at a global scale, of which one is Critically Endangered, 15 Endangered and 13 Vulnerable. Another 23 species are of conservation concern, of which 11 are Near Threatened, six Declining and six Data Deficient -Taxonomically Problematic. The Fabaceae (and Aspalathus in particular), Iridaceae, Asphodelaceae (Haworthia in particular) and Rutaceae have the largest numbers of Species of Conservation Concern (Table 1) . Three species are endemic to the park, i.e. Aspalathus burchelliana, Diosma fallax and Erica filamentosa.
Alien species
Forty alien (cf. Richardson et al., 2000) plant species have been recorded from BNP, but this list should not be regarded as comprehensive, as alien species are often overlooked or intentionally omitted from biodiversity surveys/inventories (Pysek et al., 2004) . Kruger et al., 1989 (cited in Richardson et al., 1992 reported 46 alien plant species for BNP, while PRECIS (PRE Computerised Information System database; accessed through POSA, 2009) lists 67 alien plant species for the quarter degree grid squares (3420AB & 3420BA) within which BNP is located. According to the park checklist, the family with the largest number of alien invasive species is the grass family (Poaceae). Of the alien flora at BNP, alien invasive grasses likely pose the greatest biodiversity threat (Rebelo et al., 2006) and management challenge, as their control is complicated by large and persistent seed banks, their positive response to disturbance, and the difficulty of effective mechanical control (Milton, 2004) .
Study relevance
A comprehensive checklist of plants serves as a baseline to inform future management as well as to assess the effects of past management on the flora. The management of the park has been criticised in particular the application of a short-cycle burning programme (1970s-2003 Kraaij, 2010) to promote grazing for bontebok, which was presumed to be detrimental to the conservation of the full spectrum of plant species. Slow-maturing reseeding fynbos species may be particularly vulnerable to shortcycle fires (Van Wilgen et al., 1992 ). An analysis of the historic fire regime in the park (Kraaij, 2010) revealed that ecological thresholds relating to minimum fire return periods established for Fynbos vegetation (Van Wilgen et al., in press) have been exceeded in large parts of the park. This plant checklist in combination with the historical account of fires could be used to evaluate whether past management strategies at BNP have resulted in the elimination of plant species/guilds vulnerable to short-cycle fires. A large portion of the checklist (collection numbers with b5 digits) reflects collections made in the 1960s, prior to the instigation of the shortcycle fire regime. It would be informative for park management to assess whether those species collected in the 1960s that are vulnerable to frequent burning could still be found in the park.
Several difficulties were experienced in the compilation of this plant checklist. Principal among these were conflicting identifications (name changes and synonyms apart) and slow return rates for submitted and voucher specimens (up to three years). These difficulties possibly reflect the changing state of taxonomy in South Africa (Bayer, 2009; Mattson, 1999; Smith et al., 2008) , with work as undertaken in this study being possible within a reasonable time frame only through the dedicated support and assistance from (frequently independent) taxonomic specialists. 
Uniqueness and conservation value
With 20 plant species/km 2 , the flora of BNP is considered to be rich (cf. , although this measure is biased towards small areas. Species-area relationships established for floras of the south-western and south-eastern CFR show that floras of the former are richer than that of the latter . Despite BNP's location within the south-eastern CFR, its species density is intermediate between that predicted for an area the size of the park within the south-western and south-eastern CFR (940 and 430 species respectively; .
The similarity of the flora of BNP and that of protected areas along the southern slopes of the nearby Langeberg Mountains is only 10-20% (Table 3 ). These areas largely comprise montane sandstone Fynbos (Rebelo et al., 2006) which is expected to differ from the vegetation of BNP. However, considering the geographic proximity of BNP to these areas, the floristic similarity is remarkably low. Similarity with lowland floras in the region, i.e. De Hoop Nature Reserve on the Agulhas Plain and Werner Frehse Reserve on the Riversdale Plain, is not much higher (Table 3 ). These comparisons demonstrate that a large component of BNP's flora is not conserved elsewhere.
In landscape context, BNP forms part of a 'cluster of connected core sites' along the Breede River, identified as a priority for Renosterveld conservation on account of its biological richness and degree of landscape connectivity enabling the maintenance of key ecological processes (Von Hase et al., 2003) . Despite differences in the way in which the vegetation of BNP has been classified and described at various scales (Cowling and Heijnis, 2001; Cowling et al., 2003; Rebelo et al., 2006; Vlok and De Villiers, 2007; Von Hase et al., 2003) , assessments of conservation value or status at all scales (national, biome and regional) rate the vegetation at BNP as Endangered or Critically Endangered, and thus of high conservation importance.
To conclude, BNP has a diverse flora and the park serves an important function in both pattern and process conservation -regionally, nationally, and in light of parkendemic species, even globally. Fortunately, the establishment of BNP with its initial exclusive aim of preserving a large mammal (as occurred elsewhere; Rebelo, 1997; Rouget et al., 2003) , turned out to have had the unintended outcome of preserving a diverse, and what later became, a highly threatened flora. Checklist of the plants of the Bontebok National Park (Table 4) Nomenclature and arrangement of the checklist follow Germishuizen et al. (2006) . The taxon names and authors are followed by the specimen number(s), literature reference or observation details; growth form; range; and Red Data status.
Abbreviations used: Observations: 'obs' followed by the first letter of the observer(s)' surname in capitals, for Bayer in litt., Helme in litt., Kraaij pers. obs., Rebelo in litt., Schutte-Vlok in litt., or Vlok in litt.
Growth form: Cl, Climber; Dw, Dwarf shrub; Ge, Geophyte; Gr, Graminoid; He, Herb; Sh, Shrub; Su, Succulent; Tr, Tree.
Range: e, Cape Floristic Region endemic (Goldblatt and Manning, 2000) ; r, a significant range expansion compared to distribution indicated by Goldblatt and Manning (2000) ; *, alien (Germishuizen et al., 2006) ; **, alien species planted for horticultural purposes.
Red Data status (Raimondo et al., 2009 ): CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened; DDT, Data Deficient -Taxonomically Problematic; Where status is not indicated, it is Least Concern. Table 3 Similarity of the flora of the Bontebok National Park (BNP) to that of other protected areas in the vicinity. Comparisons were done at species level using the Sørensen similarity coefficient (Sørensen, 1948 
